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The distribution of the pinyon-jutiiper woodlands of the Great Basin has been mapped from LANDSAT- 
INTRODUCTION
The pinyon-juniper woodland vegetation type has historically provided forage (for both livestock and big game), fenceposts, pine nuts, Christmas trees, firewood, charcoal, mine props, and railroad ties.
Pinyon-juniper woodlands are becoming increasingly valued for their watershed, esthetic, and recreational values [Gifford and Busby 1975) . Planning for the conflicting multiple uses of these woodlands requires better ecological understanding than is now available.
Previous research in these woodlands has been confined to small, selected areas.
Lack of a broad perspective has limited understanding of how the results of previous studies relate to each other. Without knowledge of variation within the pinyon-juniper type, we cannot efficiently extrapolate management successes to other areas or avoid actions that have produced known shortcomings at one or a few sites.
A cooperative research program designed to provide a synecological stratification of these woodlands was initiated in 1972 by the Department of Range Science at Utah State University; the Renewable Resources Center at the University of Nevada, Reno; and the Intermountain Forest and Range Experiment Station. The overall objective of this program is to gain a broad synecological perspective of pinyon-juniper woodlands in the Great Basin.
The distribution of the woodland type, its flora, and variations in the vegetal cover and tree dominants are discussed in this report.
Subsequent reports will deal with other aspects of floristic variation, successional patterns, subdivisions of the pinyon -juniper type and their relations to environmental factors, and localized applications of vegetation classification units to land use problems.
PREVIOUS WORK
The literature on pinyon-juniper woodlands has been itemized by West and others (1973) , Aldon and Springfield (1973) , and Smith and Schuster (1975) . Various chapters in the compilation edited by Gifford and Busby (1975) provide an excellent overview of land use history and of current taxonomic, autecologic, and synecologic understanding of this ecosystem. Therefore most references to earlier research will be deferred until our discussion.
A consideration of the extent of pinyon-juniper woodland is, however, appropiate. This woodland is thought to cover from 43 to 100 million acres (17 to 40 million ha) in the southwestern United States. The vast difference in estimated acreage depends on the definition of the pinyon-juniper vegetation type. The smaller figure is based on Kiichler's (1964) map of the potential (climax or pristine) juniper-pinyon woodlands centered in the Four Corners States plus Nevada. An estimate of 76 million acres appears in Senate Document 199 (Clapp 1936 ). Allred (1964) gives the highest estimate. The Clapp and Allred estimates include juniper that has invaded other areas since the activities of white men altered the original vegetation.
West and others (1975) estimate that about 30 million acres (12.5 million ha) of these woodlands occur in the Basin and Range Physiographic Province. This amounts to about 38 percent of the total area of pinyon-juniper dominated vegetation in the United States. Most of this pinyon-j uniper is in the Great Basin portion of the Basin and Range Province. Thus, both in terms of area and proportion of the total pinyonjuniper woodland, the Great Basin has major amounts of this kind of vegetation. Sampling for this study was restricted to areas where stands of vegetation were occupied by any one or any combination of the species Finns edulis, Pinus monophylla, and Juniperus osteosperma.
The topography of the Great Basin typically consists of linear, north-south oriented mountain ranges separated from one another by dry desert valleys (Thornbury 1965) .
The ranges vary in size, but are commonly 50 to 75 miles (80 to 120 km) long and 6 to 15 miles (10 to 25 km) wide (Lustig 1969) . The mountain ranges rise 6,000 to 14,000 feet (1,800 to 4,300 m) above sea level. The details of the geologic origin of the Basin and Range Province are described by Noland (1943) and Hunt (1974) . The rocks which make up these ranges are largely of sedimentary origin, but many ranges consist partly of wholly of igneous rocks (Hunt 1974) Basic climatic patterns in this area are described by Wernstedt (1960) and Houghton (1969) . An outline of the overall floristics of the Great Basin is discussed in Cronquist and others (1972) . The general vegetation patterns in relation to environment are discussed by Billings (1951) and Young and others (1976) The lower moimtain boundaries are the same as those in Cronquist and others (1972 
METHODS

Field Procedures
Mountain ranges for study were selected by gridding our study area map [ fig. 1 ) into 1-minute subdivisions for both latitude and longitude.
A random list of map intersections was then made, and the first 66 of the approximately 200 mountain ranges (Cronquist and others 1972) which contacted the listed intersections were chosen for study.
The choices were then plotted on a map and itineraries planned so that the more southerly mountains were visited early in the season and the more northerly later. Thus, the major period of flowering was observed at each location. These mountain ranges, comprising about one-third of the major Great Basin mountain ranges, were sampled during the 1972-1974 summer field seasons (table 1) .
Plots were located on broad, even slopes facing one of the cardinal directions and were placed at regular contour intervals up and down the slope from a baseline of 6,560 ft (2,000 meters). This contour is an elevation common to pinyon-juniper woodlands over most of the Great Basin. This procedure made site selection objective and facilitated direct gradient analysis of data from plots characterizing average situations in the woodland belt of each mountain range. This strategy gave each part of the major complex gradient in the landscape (queued on elevation) equal opportunity to appear in the data set (Whittaker 1973) . The strategy also provided for the sampling of a wide variety of pinyon-juniper woodlands.
Previous studies have been concentrated on subjectively selected sites with high productivity or with potential for vegetation manipulation to achieve high forage production (Daniel and others 1966) .
The criteria used to determine the lowest and uppermost plots on each mountain side were that a plot had to contain at least 25 pinyon and/or juniper trees per hectare (about 10 per acre). Of these, at least one tree had to be of the mature size-age-form class (Blackburn and Tueller 1970) . These criteria kept the samples from extending into brushlands or grasslands being invaded by a few small, young trees and concentrated our sampling on sites where woodland can definitely persist.
Sampling was further restricted to those sites which showed no evidence of recent fires, extensive tree cutting, chaining, or cabling, in order to reduce part of the secondary successional variability encountered.
Northerly slope exposures sampled were limited to the slopes of the north ends of mountain ranges or hill systems; southerly exposures to the slopes of the south ends of mountain ranges. East and west exposures were sampled near the center of the mountain ranges.
Plot locations were marked on the largest scale U.S. Geological Survey maps available (at least 1:25,000). The upper and lower boundaries of the pinyon-juniper woodland for the entire mountain slope were also marked on these topographic maps to aid in checking the accuracy of the woodland distribution map to be made from LANDSAT-1 imagery.
Two levels of sampling were employed--rapid and detailed.
In the "rapid" approach macroplots of approximately 66 by 165 feet (20 by 50 m) were paced off with the long axis positioned perpendicular to the slope contour. The macroplots were located at 660-feet (200-m) intervals up the broadest, most even slope available.
Within each plot, all plant species were listed in one of four categories: trees, shrubs, grasses, and forbs. With grasses and forbs combined, the resulting three categories represented the layers visible in the physiognomy of the stands. Each of the original four categories was considered separately to assess the relative dominance of each species. A dominance rating was assigned each species in the macroplot (Beeson 1974) . A cover class rating was also assigned (Daubenmire 1959) . A size-age-form class rating was assigned each individual tree on the macroplot (Blackburn and Tueller 1970) . Further details of the "rapid" methodology, including collection of topographic and edaphic data, can be found elsewhere (Beeson 1974 ).
In the "detailed" level of sampling, the same plot size and methodology were used, but data were obtained from direct measurements using an expansion and intensification of the previously described methodology. The 66 by 165 foot (20 by 50 m) macroplots were permanently marked. Four trees of each size-age-form class of each species situated closest to two predetermined points were measured. Crown spread of these trees in the widest and narrowest dimensions was recorded. Tree cover for the plot was estimated by taking an average of tree crown dimensions, computing elliptical area on the measured trees, and multiplying by the number of trees of each size-age-form class. Shrub crown cover was estimated to the nearest 2 percent (Daubenmire 1959) in randomly stratified 1 by 2 m microplots. Forb and grass basal cover was similarly estimated in 3 by 6 m plots located within the shrub sampling scheme. The "detailed" sampling approach is described more fully in Nabi (1978) .
All mountain ranges sampled were selected by the same process. The 18 ranges sampled with "detailed" methodology were randomly selected from the larger set (table 1) The remainder were sampled with "rapid" techniques. The procedure for plot location was identical on all mountain ranges regardless of which sampling strategy was used. Plots were thoroughly searched for all plant species present under both "rapid" and "detailed" sampling strategies.
Taxonomic vouchers of plants were collected at each site with special attention given to sagebrush {Artemisia spp.).
Specimens were checked for proper identification against vouchers at the Intermountain Herbarium, Utah State University. Artemisia specimens were segregated morphologically following the works of Brunner (1973) and Winward and Tisdale (1977) . However, the more effective process of chromatographic differentiation was used to determine subspecies of A. tridentata as well as to confirm placement in other Artemisia taxa. The chromatographic procedures used were similar to those described by Hanks and others (1973) . Vouchers specimens of all taxa are on file at Utah State University.
vegetation Type Mapping
Pinyon-juniper woodlands were mapped during the winter of 1973-74, using LANDSAT-1 color-infrared composites (fig 2) . Woodland boundaries for the entire study area were mapped to an approximate scale of 1:1,000,000 where 1 inch (2.5 cm) equals approximately 16 miles (26 km) on the ground. Areas of pinyon-juniper woodland as small as 62 acres (25 ha) were mapped. The pinyon-juniper vegetation type was identified by a reddish-orange color on the composites.
The low-elevation boundary of the woodland was easily mapped from summer color composites, but the upper boundary diffused into other, more infrared reflective vegetation types, making the pinyon-juniper difficult to map from photos taken during the growing season. The upper boundary was mapped using winter images taken when pinyon-juniper woodlands were the only infrared reflective vegetation type.
All other types of vegetation were either dormant or covered with snow (Tueller and others 1975) .
The extent of the pinyon-juniper woodland type in the Great Basin was determined from the completed map using a 256 dot/in^(150 dots/cm^) grid. The total number of dots counted in the woodland was multiplied by an appropriate conversion factor to obtain acres or hectares per dot. (table 1 and fig. 1 ). These data, along with additional observations on vegetation boundaries, provided ground truth data for the mapping phase.
Type Map
A detailed map of the distribution of the Great Basin pinyon-juniper woodlands is provided in figure 2 . This map is the most detailed and field-verified of any yet available for the pinyon-juniper vegetation type. The map should have many uses in inventory, planning, management, research, and teaching.
There is not complete congruence of the woodland boundaries shown on this map ( fig. 2 ) with the lower boundaries of mountain ranges shown on the topographic-based map ( fig. 1 ). The lack of congruence results from the woodland n6t occupying perfect belts around every Great Basin mountain range.
In the northern Great Basin, pinyonjuniper woodland belts are narrower or lacking altogether on northern exposures. The woodland belt frequently diminishes on southern exposures in the southern Great Basin. East and west-facing woodland belts are not always at the same elevation or of the same width.
In southwestern Utah and adjacent Nevada, valley bottoms are at higher elevations and a distinct change occurs from mountain-valley topography to rolling terrain.
In these areas woodlands become continuous between ridges. Details of these differences in woodland and mountain range boundaries and their possible causes have already been discussed in West and others (1978) Comparison of the location of pinyon-juniper boundaries on the map with boundary locations noted during field research allows us to estimate that less than 5 percent error exists; i.e., less that 5 percent of the boundary locations are delinated incorrectly from the LANDSAT-1 imagery.
If areas of pinyon-juniper woodland were continuous, densities as low as 41 trees per hectare were visible on LANDSAT-1 color-infrared imagery.
Areas of pinyon-juniper woodland as small as 62 acres (25 ha) were visible if there were at least 73 trees per hectare.
A discontinuous area of pinyon-juniper having trees only on the lower slopes of many close ridges showed sufficient reflectance to be identified only when tree density exceeded 118 trees per hectare.
Generally, a pinyonjuniper community larger than 25 ha with a density of about 75 trees per hectare can be identified on LANDSAT-1 color-infrared imagery.
The area of pinyon-juniper woodlands within the study area boundaries was estimated using the dot grid technique (table 2) . This estimate is more that 4 million acres less than an estimate derived from planimetering the major forest-type overlay map (9-W) in Little (1971) . This difference could be due to Little's inclusion of some higher mountain centers in his map and/or to his extension of the pinyon-juniper woodland into considerably more open juniper stands at the base of these mountains.
The differences betweeen our acreages and those available from the map on page 111 of Cronquist and others (1972) are less, probably due to Cronquist's distinction of the major mountain centers as "montane zone." The two maps cannot be compared precisely because of the extension of our study area further south than that given in Cronquist and others (1972) .
The map produced in this study provides more detail on the pinyon-juniper type boundary than theirs because of its larger scale. 
Floristics
To help others initiate studies in pinyon-juniper woodlands, we have listed the 240 positively identified species of vascular plants which were found in our sample of Great Basin pinyon-juniper woodlands (table 3 ). An additional 127 specimens, nearly all annual forbs, could not be positively identified to the generic level because season of collection precluded obtaining specimens with the necessary taxonomic characters. This accounts for the 367 total number of species used in prior discussions (West and others 1978) . The number of different species in a plot can be related to probability of sampling, size and height of mountain range, distance from adjacent mountains, and paleo-ecological influences, as well as present environmental variables (West and others 1978) .
The outstanding feature of the floristics of the pinyonjuniper woodland is the few species it has, considering the large area involved.
Uf the positively identified taxa, a total of 5 were trees, 67 were shrubs and succulents, 46 were grasses, and 122 were forbs.
Four percent of the total list were exotic (introduced); the remainder are native.
None of the species identified were listed in the recent compilation of rare and endangered plant species (U.S. Congress 1976).
All of the species are known to occur outside of pinyon-juniper woodland contexts.
Our sampling approach was designed to stress the most common conditions and perennial components of the woodlands of each mountain range.
Larger numbers of samples, searches for atypical sites, and sampling earlier in the season would have resulted in the collection of more and rarer species and allowed identifiable vouchers of annuals to be obtained. According to Holmgren and Reveal (1966) .
I "According to Beetle (1970) . Dash indicates no published common name available.
variation in Total vegetal Cover
Total vegetal cover for the 66 plots sampled at the detailed level varied from 9 to 80 percent. Average total vegetal cover for these plots was greater than 35 percent for about half of the mountain ranges sampled (table 4) . Figure 3 shows that higher average vegetal cover is concentrated on the high plateau of central Nevada, the plateau's extensions toward southwestern Utah, and the higher elevation ranges such as the IVhite Mountains of California-Nevada and the Deep Creek Mountains along the Utah-Nevada border. Woodlands on the mountain ranges with lower average elevation and/or lower latitudinal position have less average vegetal cover. The northernmost pinyon-juniper woodlands, in southern Idaho, have higher average total vegetal cover than would be expected from the low elevation of the woodlands there.
In this instance, latitude strongly compensates for elevation. The total vegetal cover per plot increased steadily as elevation rose from 1,800 to 2,200 m (fig. 4) . The change in vegetal cover was insignificant between 2,200 and 2,600 m. All of the 1,600 m plots (2) were located at Black Pine Peak, Idaho, near the northernmost limits of the study area. Thus these plots involve cooler temperatures and more mesic sites. The only 2,800 m plot was located on the White Mountains on a site with rocky, shallow soil that could not support much vegetation. The trees are usually the first organisms thought of in describing the pinyonjuniper vegetation type.
It therefore seems worthwhile to consider the variation in tree distribution and dominance. The variation in tree dominance was assessed on the 18 mountain ranges on which detailed data were collected by dividing the percent cover of either juniper or pinyon by the total tree cover and multipling by 100 (table 4).
The average relative percent cover contributed by either pinyon or juniper trees shows a definite geographical distribution pattern in the Great Basin (fig. 6 ). The lowest average relative percent cover of juniper occured in southwestern and central Nevada.
Juniper tends to dominate the woodlands in and near the Salt Lake Desert in 17 Figure 6 . -Map showing the 18 mountain ranges sampled at "detailed" level and isolines of the average percent cover of juniper relative to average total tree cover on these cover on these ranges.
The average values for the mountain ranges are listed in table 4. western Utah, where the mountain ranges are only moderately high. The most northerly mountain ranges, such as the Goose Creek Range in northwestern Utah and Black Pine Peak Range in Idaho, contain predominantly pure stands o£ juniper trees. Many unsampled mountain ranges located in northern Nevada are also dominated by or contain only juniper (West and others 1978) .
The plots were stratified according to their elevational intervals, and the average relative percent cover of pinyon and juniper was computed for each elevational interval.
The results show that at 1,600 m juniper is completely dominant (100 percent 18 relative cover) and at 2,600 m pinyon is completely dominant (fig. 7) . As elevation increases the relative percent cover of pinyon increases, while the relative percent cover of juniper decreases. At an elevation of 2,000 to 2,200 m the average relative percent cover of both species is about equal.
When these relative cover data are divided on the basis of slope exposures (table 4) , the result show some small differences probably due to the modification of climate encountered on different exposures. On the south and east exposures the relative percent cover contributed by juniper is slightly higher at high elevations, althoi the difference is not statistically significant. The slight difference is probably due to warmer temperatures and effectively drier soils. On north and west aspects the average relative percent cover contributed by pinyon is slightly increased at lower elevations, apparently due to cooler, moister sites encountered. An exception is the White Mountain Range of California where the relative percent cover of pinyon is high even at the lower elevations. This apparently results from the combination of warmer temperatures and of overall aridity of this mountain range, particularly at lower elevations (St. Andre and others 1965). There are no bars for 1,600 and 2,800 meters because only one plot was available at these elevations.
In the central and southern Great Basin, where low temperatures are not likely to be a major controlling factor (West and others 1978) , relative composition of tree species varies with longitudinal changes in seasonal moisture distribution ( fig. 8 ).
As the amount of summer precipitation (July-September) increases from west to east (Stidd 1967) , the relative amount of juniper increases. Where summer preciptation exceeds about 3 inches (8 cm), single-needle pinyon is gradually replaced by true pinyon. 
CONCLUSIONS
The map of the pinyon-juniper vegetation type in the Great Basin provided in this study should more accurately depict the location of these woodlands than previously available maps. This increased accuracy is due to this map's small scale and objectively derived boundaries based on LANDSAT-1 imagery. The map shows that pinyonjuniper woodlands occupy 17.6 million acres (7.1 million ha) in the study area, about two-thirds of which occur in Nevada.
A floristic list of 240 positively identified species was obtained from sampling the woodland vegetation on 482 plots on 66 mountain ranges. This list could help other workers begin vegetation studies in Great Basin pinyon-juniper woodlands.
The proportion of pinyon and the total vegetal cover were found to increase more with elevation than with change in longitude or latitude.
Dominance by juniper is associated with lower elevations and with increasing proportions of precipitation coming during the summer. The replacement of single-needle pinyon by double-needle pinyon at higher elevations is also associated with the southeasterly trend toward more summer precipitation. Higher average total vegetal cover is associated with higher altitudes and more northerly latitudes.
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